ABSTRACT Suaeda monoica Forssk. ex J. F. Gmel was found to possess the C4 pathway of photosynthesis. The succulent leaves of Suaeda lack a green bundle sheath formation but have a layer of chlorenchyma, containing large and centripetally arranged chloroplasts, which surrounds the water tissue. We suggest that the proximity of a chlorenchymatous cell layer to the vascular bundles is not necessary for the operation of the C4 pathway.
Since the discovery of the C4 carbon fixation pathway (7, 12) , an increasing number of plants possessing this pathway have been recognized. It was found that in addition to the primary fixation of CO2 into 4-carbon acids, C4 plants possess certain other characteristics, i.e. a low CO2 compensation point (5) , low discrimination against 'IC (3, 17) , and a specific anatomical leaf structure (9, 13, 14, 20) . The latter, frequently called the Kranz anatomy, consists of a layer of large cells which usually envelope the vascular bundles and which are densely packed with chloroplasts. This bundle sheath formation is surrounded by chlorenchymatous mesophyll cells. The existence of such differentiated chlorenchyma, with the inner layer attached to the vascular bundles, is commonly believed to be necessary for the operation of the C4 carbon fixation pathway.
The characterization of C4 plants by the above mentioned features has been generally recognized. Since it was shown that the balance between C3 and C4 carboxylation could be altered by factors such as salinization, ontogeny, and leaf age (10, 11, 16) , it seemed that the correlation between the appearance of a chlorenchymatous bundle sheath layer and the C4 carbon fixation pathway was not of a basic nature (4) . The possibility of finding a C4 plant which lacks these typical structural features was therefore very likely. (18, 19) , it was necessary to determine the pH optimum in Suaeda before measuring enzyme activity. Optimal activities of PEP-case extracted from salt-treated plants were obtained at pH 7.9, whereas values obtained for saltdepleted plants were lower (pH 7.5).
MATERIALS AND METHODS
By comparing the specific activity of PEP-case extracted from salt-treated Suaeda monoica leaves with that extracted from Chloris gayana, a known C4 plant, Andrews et al. (1) Table I show that no excess malate had accumulated during the dark period. This pattern was unchanged in plants grown under long (16 hr) or short (9 hr) photoperiods.
CO2 Compensation Point. Measurements showed that saltdepleted Suaeda monoica plants had a CO2 compensation point of 5 ,ul/l. The compensation point of salt-treated plants was even lower (Table I) .
Short Time Light "4CO2 Fixation. The best proof for the existence of the C4 pathway is the determination of the primary products of photosynthesis. Results of short time light fixation experiments in salt-treated Suaeda plants show that after 5-sec exposure to 14CO2 a typical C4 pattern of labeling was found: 85%xC of the label was found in aspartate, 8%o in malate, and 3% in alanine and serine (Fig. 3) . Different chase periods in '2CO2 following the 5-sec pulse of "CO2 resulted in a rapid decrease in the The labeling pattern which follows short time light fixation is again typical for C4 plants. In this case the flow of carbon seems to go more via aspartate than via malate.
A higher content of malate was found in the salt-depleted as compared with the salt-treated plants (Table I) . Relatively more malate appeared in the salt-depleted plants also as the first product of light fixation. Thus, NaCl seems to affect the balance between the malate and aspartate formation in Suaeda monoica.
It is not known whether the special structural differentiation of the chlorenchyma in Suaeda is what enables the C4 metabolism of this plant. If it does, it is evident that the location of a chlorenchymatous cell layer near the vascular bundles is not essential. C4 metabolism can exist therefore even in plants with such chlorenchyma located at some distance from the vascular bundles.
A similar case was reported for the C4 plant Salsola kali (15) . The appearance of small vascular bundles in the periphery of the water tissue indicates that, unlike in Suaeda, the inner chlorenchymatous layer of Salsola leaves is a true bundle sheath formation.
We conclude that two types of chlorenchymatic cells may be necessary for a successful operation of the C4 carbon fixation pathway. However, there is no absolute requirement for the Kranz cells (4) to be associated with the vascular bundles. The commonly accepted structural description of C4 plants should therefore be somewhat modified.
